To the Editor,

Sir, Madam,

There is currently no specific treatment with demonstrated efficacy against the respiratory infection outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) disease (COVID-19) that affected more than 4,000,000 persons and killed 300,000 around the world during the last 6 months ([@bib0001],[@bib0002]). Like Peiris and al. suggested with the SARS-CoV1, we believe that an effective antiviral agent is needed to decrease the viral load and direct cytolytic damage during the first phase of infection, and in turn reduce the immunologic storm during the second phase with the risk of progression to acute respiratory distress syndrome ([@bib0003]). Among existing antiviral therapeutics tested, protease inhibitors seemed promising, and ritonavir-boosted lopinavir (LPV/r) has been shown to inhibit the replication of SARS-CoV-2 in vitro and in hospitalized patients ([@bib0004], [@bib0005], [@bib0006]).

Here we report the viral dynamics in multiple clinical samples in regards to pharmacological LPV/r levels during and after treatment in a SARS-CoV-2-infected patient. This first SARS-CoV-2 infection in a French resident was diagnosed in our department on January 29^th^ 2020, six days after his exposure to a laboratory-confirmed case from Asia ([@bib0007]).

We performed monitoring of SARS-CoV-2 infection from day 2 (D2) after onset of symptoms in different sequential clinical samples by real-time RT-PCR targeting E gene ([@bib0008]). Viral loads were estimated with the cycle threshold (Ct) values: Ct \> 50 was considered as negative. Detection of specific antibodies was performed on plasma specimens with the Abbott SARS-CoV-2 IgG assay. When chest CT-scan confirmed small areas of ground-glass opacities in both lower lungs on D9, the patient started ritonavir-boosted lopinavir (LPV/r) 400/100mg BID until hospital discharge on D18. LPV plasma concentration (C~min~) was measured by liquid chromatography tandem mass spectrometry method (LC-MS/MS); the limit of quantification (LOQ) was 15 ng/mL.

The outcome of the patient was good. He experienced the typical pattern of COVID-19 symptoms, such as sore throat, muscle pain, headaches and anosmia, then lung infection signs but did not develop severe pneumonia and never required supportive treatments with oxygen or immunomodulators. During the whole period of viral monitoring, SARS-CoV-2 RNA was detected not only in nasopharyngeal swab (NPS), but also in induced sputum, saliva, plasma, and stool ([Figure 1](#fig0001){ref-type="fig"} ). However, SARS-CoV-2 RNA was never detected in urine. The whole genome sequence obtained from positive NPS sample is available in Global Initiative on Sharing All Influenza Data (GISAID) with the sequence number EPI_ISL_408431. Between D2 and D4, high viral loads (Ct\<30) were detected in NPS, induced sputum, saliva, and plasma. Viral load decreased gradually in NPS to become undetectable on D15, after 6 days of treatment. In plasma, after a rapid initial drop, a low-level rebound (Ct\>35) occurred on D11 and D12, corresponding to a transient plateau in NPS. This phenomenon was observed between 2 and 3 days after the start of LPV/r treatment and despite expected LPV C~min~. On D14, SARS-CoV-2 RNA was still detected at high level (Ct\<30) in sputum, but at low level (Ct\>35) in NPS, illustrating differential compartmentalization of SARS-CoV-2 in upper and lower respiratory tracts. SARS-CoV-2 RNA was detected once in stool sample on D23, after LPV/r removal. Further additional samples (i.e., NPS, saliva, plasma and stool) collected on D30 and D90 were negative for SARS-CoV-2. In terms of immunity, IgG seroconversion was evidenced on D16 ([Figure 1](#fig0001){ref-type="fig"}).Figure 1Viral dynamics in multiple and sequential clinical samples and kinetics of lopinavir plasma concentrations in a patient with confirmed SARS-CoV-2 infection and treated with oral ritonavir boosted lopinavir.Real-time RT-PCR targeting viral E gene, presented by reverse Ct values on left vertical axis, was performed in serial different types of clinical samples collected from the patient: nasopharyngeal swab (◆), induced sputum (■), saliva (◆), plasma (▴), and stool (■). Lopinavir concentration (●), expressed in ng/mL on right vertical axis, was measured in sequential plasma samples by liquid chromatography tandem mass spectrometry method. Range of lopinavir minimal plasma concentrations: 4.660 ± 2.250 ng/mL Duration of ritonavir-boosted lopinavir (400/100mg) treatment (D9 to D18) is indicated on the top of the graph. SARS-CoV-2 antibody response (IgG seroconversion) in indicated on the graph (D16). Undet: undetectable (Ct\>50).Figure 1

In a retrospective cohort study, 96 patients infected with SARS-CoV-2, the median duration of virus detection in NPS samples varied from 14 to 21 days according to disease severity ([@bib0009]). A recent study showed that SARS-CoV-2 RNA could not be detected in NPS from half of non-severe patients after 14 days of LPV/r treatment ([@bib0010]). However, in a randomized trial involving 199 patients, LPV/r treatment did not significantly improve clinical symptoms or survival, nor diminish throat viral RNA detectability in late-presenters patients with severe pneumonia (11). Interestingly, in a post-hoc analysis of the subgroup of patients treated less than 12 days after the onset of symptoms, clinical cure was obtained after 16 days in the LPV/r arm versus 17 days and the mortality rate was 19.0% versus 27.1%, without statistical significance, possibly due to the weak study power. In our study, the viral clearance in NPS of this single patient was obtained within 2 weeks, coinciding with the antibody response (D16). The rebound of viral load observed in NPS during treatment could be explained by the transient subtherapeutic levels of LPV/r between D13 and D15. The SARS-CoV-2 RT-PCR became positive in stool only after the end of treatment, addressing the question of longer treatment need for oro-fecal transmission prevention.

Our findings suggest that, if LPV/r treatment does not seem to constitute the treatment of choice for salvage therapy in patients with severe COVID-19, it could be effective in early presenting non-severe patients to decrease the SARS-CoV-2 load and to prevent the secondary immune-related severe evolution.

Ritonavir-boosted lopinavir (LPV/r) use in SARS-CoV-2's infected patients should be better evaluated in a prospective controlled study including multisite drug dosages and pharmacokinetic/pharmacodynamic (PK/PD) study ([@bib0010]), and treatment should be given for at least 14 days to reduce long-term viral carriage and related transmission risks.
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